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Executive Summary
Quality logistics services play an important role in facilitating the transportation of international trade in goods: inefficient logistics services impede trade by imposing an extra cost in terms of time as well as money. Trade logistics include the range of services and processes that are involved in moving goods from one country to another: customs and administrative procedures, organization and management of international shipment operations, tracking and tracing, and the quality of transport and information technology infrastructures. This study uses a variety of measures of logistics quality to examine their impacts on trade.
This study confirms the strong impact on trade of logistics quality using indicators such as the World Economic Forum's Enabling Trade Index and the World Bank's Logistics Performance Index. Enhancements in the quality of logistics services are associated with strong increases in trade, in particular as regards exports. Overall, enhancements in transport infrastructure also strongly positively affect trade, and these investments have a greater impact in middle-income countries.
Trade logistics quality impacts exports more than imports overall. Improvements in a given country's trade logistics will improve its export situation: infrastructure improvements are particularly important for exporters and seem to drive this general result. Improvements in the administration of borders impact both exports and imports positively and impact imports even more than exports.
When comparing air infrastructure and sea infrastructure and their impacts on airborne and seaborne trade, it is found that infrastructure improvements have a particularly strong impact on airborne trade. This may reflect the importance of highvalue goods arriving by air as well as their importance in global supply chains in terms of timeliness and efficient processing.
Across the board, elements of trade logistics such as customs procedures, tracking and tracing services, overall infrastructure and logistics competence are shown to impact trade relatively more than less policy-dependent trade determinants such as distance and transport costs. Results of this study using indicators of the time required to complete both importing and exporting procedures indicate that every extra day needed to ready goods for export and import reduces trade by around 4%. This finding suggests that the impact of an extra day that goods spend at the border has a greater negative impact on trade flows than an extra day spent at sea delivering a container of goods. This may be due in part to more uncertainty in time delays at borders that traders are less able to predict and respond to. The estimates for the impact on trade of increases in the cost associated with completing procedures for importing and exporting a container are also higher than estimates of an incremental increase in the cost of transportation according to results in a companion study.
Introduction
International maritime and air carriers moved more than eight million tons of freight globally in 2008. Quality logistics services play an important role in facilitating the transportation of international trade in goods: inefficient logistics services impede trade by imposing an extra cost in terms of time as well as money. Trade logistics facilitate trade. As developed nations shift from traditional manufacturing and agriculture and are increasingly engaging in international vertical specialization, the need for efficient logistics services becomes ever more important. High quality logistics services improve the competitiveness of a country's exports by reducing the cost involved in transporting goods -especially for countries that are disadvantaged by being far from major markets. Devlin and Yee (2005) highlight the disadvantage faced by certain countries in the Middle East where high logistics costs negatively influence a country's international competitiveness.
For the purposes of this study, trade logistics is defined to include the range of services and processes that are involved in moving goods from one country to another. It includes customs and administrative procedures, organization and management of international shipment operations, tracking and tracing, and the quality of transport and information technology infrastructure. Only logistics services that are directly related to international trade and the transport of goods from one economy to another are covered; the analysis does not pertain, for example, to logistics that are directly related to end-user distribution subsequent to goods' arrival in the destination country. The analysis here should therefore not be regarded as a complete view of the full producer-to-consumer logistics chain but only to trade-related logistics. Since logistics services impact trade monetarily and in terms of time, both of these impacts will be examined. This paper investigates the role that trade logistics play in the volume and value of international trade and the extent to which poor quality logistics constitute a barrier to trade. This paper contributes to the work already completed in the context of the OECD Trade Costs project on maritime transport costs and trade. The maritime transport costs project measured the cost of transportation from the time of portside loading (e.g., of a container) in the exporting country to the portside unloading in the importing country. This study extends that research by moving down the export chain to encompass different aspects of logistics services. This empirical study will contribute to and expand the body of research already available on the link between logistics and international trade.
Maritime container cargo is the foundation of the world trading system so the ability to efficiently move containers and avoid bottlenecks at every stage is crucial to minimize money and time costs. To achieve this, countries need to ensure that they have in place smooth and efficient customs procedures, high quality port and airport infrastructure, quality transport logistics for multimodal (air, rail or road) transferring of goods to final destinations, and high quality telecommunications and general infrastructure. Timesensitive merchandise trade is typically transported via air so that air logistics services and airport infrastructure are required to be of the highest standard to avoid spoilage and time delays. This study sheds some light on the differential trade impacts of logistics quality in sea and air transport.
The paper is organized as follows. Section 2 discusses previous research on the relationship between certain aspects of logistics quality and trade flows. Section 3 describes the data used in this study and in section 4 the results of the econometric analysis is presented. In section 5 we discuss policy implications and conclude. A technical annex discusses the empirical method used and data sources.
2.
The relationship between logistics services and trade
There are many components of trade logistics that interact to impact supply chains and ultimately influence trade flows. The importance of trade logistics in determining the magnitude of international trade flows has been studied by several authors and will be discussed below. For this study the focus will be on components of trade logistics that are determined at the country level such as quality of transport infrastructure and border administration.
Transport infrastructure
Transport is the single most expensive component of trade logistics and adequate infrastructure is required to facilitate transportation. Whether these logistics providers supply their own transportation or whether they rely on transport services provided by third parties, the quality of transport infrastructure is critical. This may include such elements as the availability of pallets, shipping containers, vehicles, corridors and terminals. Corridors are the facilities used by transport vehicles. These include roads, railways lines, sea-lanes and air corridors and facilities such as signalling and traffic control. Terminals comprise uni-modal operations as well as multi-modal facilities that handle two or more modes of transportation. Additionally, associated facilities such as signalling and traffic control ensure that the system functions. They also include ports and airports. For example, airport infrastructure, which includes runway length and terminal size, determines the size of aircraft that can be accommodated and the frequency of landing and unloading. Similarly, port infrastructure includes terminal facilities for loading and unloading containers. The availability of well-connected, high-speed roads and rail ensures that once goods leave the airport or container terminals, they are able to reach their final, inland destinations with a minimum delay: this is especially important for perishable goods.
An important aspect of transport logistics is the relationship between different modes of transport. For goods arriving by air or sea, the ability to swiftly and efficiently transfer to another mode -road or rail -for inland transportation is particularly important for remote destinations and landlocked countries. While one mode may function efficiently, for example the sea or air component, the quality of the additional mode's infrastructure may let down the connection. The quality of the trade logistics as well as infrastructure in the destination country is therefore of importance.
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Information flows
A significant component of logistics services is a well developed information system. Information flows may be electronic, paper-based or voice based. Advances in information and communication technology (ICT) quality and coverage in recent years means that increasingly information is stored and processed electronically. The need for a high standard of telecommunications services is imperative to permit the timely and reliable flow of information. Telecommunications and electricity infrastructure are required to be of a sufficiently elevated standard in order for information systems to work smoothly and reliably. If economies, and in particular, developing economies, are to participate fully in global production and supply of intermediate and finished goods, their ability to do so will be affected by the standards of their ICT infrastructure as an important component of trade and transport facilitation. Such measures include customs automation, the ability to track and trace goods in transit at every stage of the process, pre-arrival clearance, risk-analysis, the electronic submission of customs forms and documents, information management and terminal operations and electronic single windows. Implementation of these measures can help reduce transaction costs. For example, the introduction of a Single Window to fulfil requirements for import and export, transit regulation and clearance aims to expedite and simplify information flows between the trading community and the government. Advantages include cutting costs through reducing delays with faster clearance and release, and more effective and efficient use of resources.
Time delays
Indirect costs such as time delays in shipping can take several forms but ultimately they increase the cost to firms that are then passed on to consumers. The cost of holding inventory and depreciation is higher for ocean shipped goods.
1 Lower shipping times are associated with higher volumes of trade, and there is some evidence that shipping time rather than distance is a more accurate reflection of shipping costs since it better captures the time-sensitivity of certain goods. Recent work underway in OECD suggests that a 10% increase in shipping time lowers imports by about 7% (OECD, 2011) . Lengthy time delays for ocean shipping can be experienced due to port congestion and/or inefficient port infrastructure for loading and unloading cargo. Time delays at the border due to inefficient and lengthy administrative procedures related to importing and exporting can also have a detrimental effect on trade volumes. In addition, time delays may affect firms that rely on just-in-time deliveries of critical components to their manufacturing processes as well as firms who require short lead times between placing an order and getting it to market (e.g. fashion items or technology items). Countries which have introduced a Single Window have experienced significant reductions in time delays and 1.
Lengthy shipping times on some routes due to distance, logistics, infrastructure etc means goods are already partially depreciated before getting to market (Hummels, 2001 Hummels (2001) finds that for manufactured goods, each day of travel is worth close to 1% of the goods value per day and that higher ocean transit times significantly reduce the probability that a country will export to the United States. Freund and Rocha (2010) using the World Bank's Doing Business metrics, find that inland transit times have a larger negative effect on exports in Sub-Saharan Africa than do other time delay variables such as the time taken to deal with customs and port procedures or the time necessary to comply with documentation requirements. Further research which focuses on the role of time for exporting and importing procedures include Nordas et al. (2006) who shows that the longer times for exporting related to administrative procedures are an important barrier to market entry for exports of both intermediate and final goods as well as impacting negatively on the size of observed trade flows in these same goods. Djankov et al. (2010) using aggregate bilateral trade flows find a statistically and economically significant reduction in seaborne exports when there are longer export times and this matters more for time-sensitive perishable goods.
Logistics services and trade facilitation
Quality trade logistics are very much related to trade facilitation reformsparticularly with respect to customs operations or procedures and border administration. As international trade volumes expand over time, as well as the increased importance of global value or supply chains, as well as just-in-time delivery, the need to streamline customs procedures to prevent time delays or border bottlenecks takes on greater importance. Numerous and complex customs documents impose higher transactions costs on businesses in terms of financial and time costs. The more cumbersome, timeconsuming and costly are trade procedures, the less competitive will be traders in international markets. Trade facilitation reform in this area is especially significant for developing countries wishing to participate in the global economy.
For example, it takes 24 days to ready goods for export in Vietnam at a cost of USD 669 while it takes twice that long from a landlocked country such as Rwanda where it is more than four times as costly.
3 On a positive note, Rwanda has been one of the SubSaharan African nations who have recently reformed many customs procedures. These include reducing the number of trade documents required, improving customs administration and implementing border cooperation agreements (World Bank, Doing Business, 2010) . Other countries have embarked upon trade facilitation reform with varying success. For instance, Moise (2009) notes that Peru's introduction of electronic cataloguing and identification of high-and low-risk shipments has significantly reduced physical inspection rates from 70-100 % to a maximum of 15% thereby reducing average clearance times. Electronic data interchange systems for processing export documents as well as implementing a single window for trade transactions are ways in which time delays due to administrative procedures can be reduced. Figure 1 . (SITC 07, SITC 65 and SITC 84) . The results show that some of the procedures included in the Doing Business metrics, such as days spent at the border and certain administrative procedures, impose significant costs to trade in these goods.
Data
The present empirical research is based on indicators of trade logistics quality obtained from several sources. 4 The first source of logistics data is the World Bank's Logistics Performance Index (LPI) 2010 and is a survey of global freight forwarders and express carriers. The Index is a weighted average of the country scores on 6 dimensions: efficiency of the clearance process; quality of trade and transport related infrastructure; ease of arranging competitively priced shipments; competence and quality of logistics services; ability to track and trace consignments; and timeliness of shipments reaching destination. Since the 2010 survey was undertaken in 2009, using the LPI in the analysis of 2008 bilateral trade is appropriate due to the fact that this type of information tends to change gradually over time.
All the components of the LPI are strongly positively correlated with each other so that countries with high quality logistics will also have a strong ability to ensure timely delivery of shipments. 5 The reporting country indicators are weakly negatively correlated with the partner country indicators suggesting that countries trade somewhat more with others that have a similar quality of logistics services. Table 1 presents averages by region and income group and for selected importers. Higher values of the index signify higher quality logistics services.
The positive impact of higher quality infrastructure on higher quality trade logistics is well established. The second data source used in the econometric analysis is the infrastructure component of the Global Competitiveness Index from the World Economic Forum's Global Competitiveness Report (GCR). It includes an overall measure of infrastructure quality as well as sub-components relating to the quality of air, road, port, rail, telecommunications and electricity infrastructure. The indicators used are for the year 2008. Similar to the LPI indicators, the individual components of the GCR infrastructure index are highly correlated amongst each other but not so between reporter and partner countries (Appendix Table 9 ).
The GCR's Global Enabling Trade Index (ETI) is an additional proxy measure of trade logistics quality. In order for freight forwarders to efficiently deliver goods across borders in a timely manner, they depend crucially on effective trade facilitation measures being in place. This index is constructed to measure the institutions, policies, and services facilitating the free flow of goods across borders. It is composed of four subindexes each of which captures elements considered important for enabling international trade. These are: (1) market access, (2) border administration, (3) transport and communications infrastructure, and (4) the business environment. The focus is on the overall composite index since all of the sub-indexes are too highly correlated to include together.
6 Table 2 presents averages for OECD and non-OECD members as well as for selected importers.
Finally, The World Bank's Doing Business: Trading across borders metrics measure the ease with which countries are able to trade internationally. Doing Business compiles all procedural requirements for exporting and importing a standardized container of goods by ocean transport. It records the number of documents per shipment required to import and export goods in a 20-foot container by ocean freight. Also recorded is the time, in days, that it takes to complete the transaction as well as all costs levied on a 20-foot container to complete the procedures to export or import.
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These foregoing trade logistics measures are then used to assess how changes in logistics quality impact on international trade flows. Several models are estimated using aggregate bilateral imports obtained from COMTRADE. Additionally, and in contrast to earlier studies using these measures, customs level data from Australia, Brazil, Chile and the United States are used to distinguish between modes of transport for imports into these four reporting countries. These unique data are available at the product level 5 .
The simple pairwise correlations are given in Appendix Table 8 . 6 . Appendix Table 10 presents the simple correlations between the individual components of the index as well as between reporter and partner components. Country-specific basic data for LPI and ETI indices and selected components are included in Appendix Table 7. 7. A full description of the Trading across borders metrics is provided in the data appendix.
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Empirical methodology
This section presents the econometric methodology and estimates of the effect of the various proxies for trade logistics quality on bilateral trade. Several gravity models are estimated to quantify how logistics quality influences trade flows using the logistics proxies outlined above for 2008, after controlling for other trade cost measures and determinants of bilateral trade. Our approach differs from earlier studies in several respects. Not only are the traditional determinants of international trade controlled for, but we are also able to provide a detailed analysis by taking into account freight charges and transport mode (air and sea) for a select group of importers using customs level data. 8 While quality trade logistics services are important for both modes of transport, the nature of the traded merchandise arriving by each mode is very different and, particularly for time-sensitive merchandise arriving by air, may require different approaches to handling. By including such detailed information on transport costs and logistics quality it is possible to identify which impediments to international trade are most significant and how best to implement policy to remove or reduce these trade costs. At the same time, low quality trade logistics hinder trade by imposing a barrier in its own right such as was found in Nordas et al. (2006) .
The basic model used in the analyses that follow is the gravity model that has been used extensively in the empirical trade literature. Following the established gravity model literature, bilateral trade is modelled as a function of the following core gravity model variables: bilateral distance and variables to capture geographic and historical features of the countries. The latter includes indicator variables to capture if the countries were ever in a colonial relationship or whether the country pair speaks the same language, as well as variables to capture whether either country is landlocked or the country pair shares a border. A full explanation of the models estimated is available in the technical appendix.
Model results
Results of this study show that overall, higher-quality trade logistics, as captured by the logistics proxies, and improvements in infrastructure enhance trade very significantly. Overall, this is particularly true for exports.
9 Gravity model results show that higher quality trade facilitation measures -proxied here by a 10% improvement in the importing country's Enabling Trade Index (ETI), -is associated with an increase in trade on 8. The question of endogeneity may be raised in this context, as in most other econometric analysis: do logistics quality and other trade costs impact trade flows or is the relationship rather trade volumes impacting logistics quality and other trade costs? Although this problem is real, as in most other econometric studies, it is thought that it is perhaps less of an issue in this study because many of the logistics indicators vary relatively little over time (e.g. infrastructure indicators, ease of customs procedures, etc.) as opposed to trade flow data which is relatively reactive.
9. The gravity model results are presented in Tables 4 to 6 in the technical appendix. Since the majority of the logistics policy variables are available for 2008, we restrict our analysis to trade for this year for reasons of consistency and comparability Estimates for the baseline gravity model using these data (Table 4 , column 1) reveal that magnitudes, signs and statistical significance of the elasticity estimates are consistent with many other studies. The baseline gravity model is augmented in turn with different logistics indicators (Table 4 , columns 2 -5).
average of 19%, while a 10% improvement in the index in the exporting country is associated with increased trade of 36%, all else equal (see column 3 of Appendix Table 4 ). For example, for an exporting country, a 1 standard deviation improvement at the mean ETI (mean ETI=4.13), e.g. Slovenia's trade facilitation rising to the quality of Korea (ETI=4.96), would be associated with an increase in bilateral imports of its partner countries on average of around 72%. 10 This is a similar magnitude as the effect of a one standard deviation decrease in distance. On the other hand, a one standard deviation increase in the ETI of the importing country has an effect that is half that of the exporter's.
Further model results show that more efficient border administration, facilitating the entry and exit of goods, is associated with higher values of trade, particularly as regards imports. On average, for every one-unit increase in the border administration indicator in the importing country, e.g. if Indonesia increases the quality of its border administration to equal that of Korea, bilateral trade is predicted to increase by 39%. For every one-unit increase in the measure in the exporting country, bilateral trade is predicted to rise by 19%, all else equal (column 2 of Appendix Table 4 ). These effects are stronger as regards border administration of imports as compared to exports; this is unsurprising since the border administration of imports is generally more stringent than that of exports and therefore impact trade more directly. Relative to distance, the impact of the importer's border administration is almost half as important. Where a one standard deviation fall in distance would see increases in trade of approximately 70%, a one standard deviation improvement in the importer's border administration would see an increase of around 40%.
The strong results of the impact of logistics quality on trade are confirmed in models using the World Bank's Logistics Performance Index (LPI) as the proxy for logistics quality. Improvements in general logistics quality using this proxy have a stronger tradeenhancing effect on exports as compared to imports (column 4 of Appendix Table 4 ). On average, for every 10% increase in the LPI of a typical exporter, bilateral imports increase by more than 69%, holding fixed the influence of the remaining determinants of trade. For every 10% increase in the LPI of a typical importing country, bilateral imports increase by 54%, on average. This would be the case of an average lower middle income country, e.g. Egypt, Nigeria or Yemen, that improves its logistics performance to equal that of an upper middle income country such as Bulgaria or Kazakhstan. If Egypt's logistics services were on a par with Bulgaria's, its imports would increase by 54% on average, all else equal, and its exports would increase by 69%. Changes in both importer and exporter LPI have a more significant impact on trade than does distance -37% and 96% greater impact respectively.
High quality infrastructure is an important factor in determining the quality of a country's trade logistics services. Incremental increases in the quality of infrastructure impact countries with lower quality infrastructure more. Enhanced infrastructure impacts exports even more than imports. A general infrastructure quality index obtained from the World Economic Forum's Global Competitiveness Report is included for each exporting and importing country in an alternative model specification (column 5, Appendix 10.
Standardized coefficients are listed below the estimated coefficients in Tables 4 to 6 in the appendix where appropriate. These estimates allow us to identify the relative importance of logistics policy variables as compared to non-policy variables such as distance or transport costs. We are able to determine whether a one standard deviation change in the explanatory variables produces more of a change in trade than another variable. Table 4 ). Higher quality infrastructure is shown to be an important determinant of average bilateral imports but the effect is non-linear and depends on the value of the infrastructure index. For example, a one-point increase in the importer infrastructure index at the first quartile, for example as for the Philippines, is associated with a 64% increase in the value of imports, while a one-point increase at the median, for example China, is associated with a smaller increase in imports of 37%. A similar, but stronger, pattern can be seen for the exporting country where a one point rise in the index at the median value of the index (e.g. Morocco) is associated with a significant increase in imports of more than 79% and a 47% rise at the 3 rd quartile value of the index such as for Thailand.
These results indicate the strong impact of trade logistics on trade flows and the important potential gains from trade that result from increases in the quality of trade logistics. Although not strictly comparable due to different samples and methodologies, this finding echoes some of the findings in previous studies. Wilson (2007) , for example, finds important trade impacts of better logistics quality and furthermore that the greatest benefits accrue to those countries with the least efficient customs and administrative procedures.
The results presented thus far refer to trade by all modes of transport and for all country pairs in the sample. However, trade logistics are generally specific to each mode of transport (sea, air, road, rail) and the impacts of their quality on trade may differ by mode. In order to better understand these differences, this study further regarded the impact of trade logistics quality on goods imported by sea as opposed to those by air in four countries: Australia, Brazil, Chile and the United States. By isolating trade by mode of transport (sea and air) the impacts of logistics quality can be identified on seaborne versus airborne imports taking into account actual freight charges paid.
11 Transport costs have been found to be a significant deterrent to trade (Korinek and Sourdin, 2009 ), therefore including detailed freight charges as an additional variable in the analysis allows more accurate specification of the trade cost function. Estimated elasticities of imports with respect to ad valorem freight are in the range of -0.63 to -0.80.
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Unsurprisingly, the effect of ad valorem freight charges has more of an impact on sea freight relative to air freight, reflecting the fact that higher value goods are shipped by air where freight charges as a proportion of the value matter less. Distance, which also reflects time costs, similarly has a greater impact on sea freight than on air freight with estimated elasticities of -1.30 and -0.61 respectively. The magnitude of the standardized coefficients reveal that the impact of ad valorem freight charges is around a 75% more important trade cost than is physical distance. When separately analysing seaborne and airborne trade, freight charges are twice as important as distance for airborne trade but distance is a more significant deterrent than freight costs for sea borne imports (columns 5 and 6, Appendix Table 5). 11. Customs level data that records mode of transport as well as freight charges for import transactions is available for few countries. Apart from the four countries used in the present study, these include several Latin American countries and New Zealand.
12. The dependent variable in the models referred to here is the log of bilateral imports from all exporters towards the four importing nations. An elasticity in the present analysis is interpreted as a percentage change in imports from a percentage change in the variable of interest -ad valorem freight costs in this case. Distance is also statistically significant in all specifications. This reinforces previous findings that the distance variable captures more than transport costs such as cultural distance and business networks.
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13 Similar magnitudes of the effects have been estimated for the other components of trade logistics such as tracking and tracing, infrastructure and logistics competence (columns 2 to 4, Appendix Table 5 ) and the estimated effects are more important for airborne trade in all cases. Standardized coefficients suggest that the effects of improving logistics measures in these areas are three to four times more important as determinants of trade than reductions in freight charges.
The impact on trade of infrastructure quality, measured separately from other components of trade logistics, and specifically related to air infrastructure and port infrastructure was examined for seaborne and airborne trade. The effect of infrastructure quality was ascertained at different income levels: low income, lower-middle income, upper-middle income and high income countries, since improvements in infrastructure quality may have a differential impact according to a country's level of development.
Airport infrastructure has a strong effect on trade flows at all levels of development, with the weakest effect estimated for low-income countries. Results show that a one-unit increase in the quality of the exporter's air infrastructure at low levels of income as measured by the index, results in more than 140% increase in trade and the effect of improvements at the lower-middle income and upper-middle income levels is associated with increases in exports of 258% and 213% respectively. The estimated impact at high income levels is around 227% for a one-unit increase in the air infrastructure index.
For seaborne imports, changes in low-income exporters' port infrastructure do not have a statistically significant impact on trade. However strong estimated effects can be found for higher levels of income with the maximum estimated effect in the uppermiddle income category. A one-unit improvement in port infrastructure for a lowermiddle income country is associated with an estimated increase in trade of 139%. In contrast, for upper-middle and high-income countries, a one-unit improvement leads to a much larger rise in trade: 236% and 171% respectively. Since the maximum estimated gain is found for the upper-middle income group, countries in this group stand to gain the most from improvements in port infrastructure, at least as regards their trade with the four 13. The impact of this incremental increase in trade logistics quality on trade is very large. It should be noted, however, the logistics quality is very different in a country such as Thailand as compared with one such as Algeria. In Thailand, it takes an exporter less than half the amount of lead time for air-or seaborne exports to cross a border as in Algeria (1.59 days on average as compared to 4.58 days). Customs clearance alone takes 4.47 days in Algeria, assuming no physical inspection is required, as compared to 0.71 days in Thailand. Thai exporters must complete 2.67 documents to clear customs as compared with 9 documents required to export goods from Algeria (World Bank, 2010) . Of course, in every document there is an opportunity for error or misinterpretation either by the exporter or his/her representative or by customs officials which could lead to further time and monetary cost.
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The finding that low-income countries exports are not impacted by changes in port infrastructure is somewhat surprising. There may be two possible explanations for this finding. Firstly, the evidence is abundant regarding supply side factors that are most important in order to promote production and trade, particularly in poor developing countries. Some of the basic necessities for a functioning economy -security, basic human capital requirements, favourable business and investment climates, macroeconomic fundamentals -are absent or function poorly in many low income countries. 14 With such economic fundamentals lacking, trade is not impacted by greater investment in port infrastructure. Secondly, almost half of low income countries are landlocked therefore port infrastructure will not be significant or present in these countries. This influences the overall result that low income countries' port infrastructure levels do not significantly impact their trade.
A further set of models includes measures of the quality of border administration and quality of transport and communications (columns 7 and 8, Appendix Table 5 ) as determinants of exports. One-unit increases in both the indices for border administration and transport and communication have a similar estimated impact on trade volumes: 224% and 235% increases, on average, respectively. Their impact on trade in both cases, relative to ad valorem transport costs, is around three to four times more.
A final set of models estimates the effect of the World Bank's Doing Business metrics on imports to Australia, Brazil, Chile and the United States (Appendix Table 6 ) and includes variables for time to trade and cost of trading. The time to trade is defined as the number of days required to complete both importing and exporting procedures and the cost of trading is defined as all costs associated with completing procedures for importing and exporting a 20-foot container, but does not include transport, insurance charges or tariffs or other trade taxes. 15 The estimated effects of distance, language and colonial ties are robust and confirm earlier results. Every extra day needed to ready goods for export and import is found to reduce trade by around 4% (column 1, Appendix Table 6 ). A one standard deviation increase (33.3) at the mean (49.7) in the total days required to ready goods for trade would see a fall in the value of imports of around 133%, all else equal. This implies that if Cambodian exports to the United States were handled as efficiently as those of the Slovak Republic, for example, Cambodian exports would increase by 133%.
When investigating the effect of total cost to export and import, the model results indicate that for every extra USD 100 cost per container, imports decline on average by 20%. This estimate is perhaps too high but it should be kept in mind that it only applies to a limited sample of four importing countries.
These results show very strong trade impacts of time spent at the border and the cost of getting containers across borders. Although not strictly comparable due to different time periods under consideration and country coverage in the samples, they suggest that 
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OECD TRADE POLICY WORKING PAPER NO. 108 © OECD 2011 the impact of an extra day spent getting across borders has a significantly greater negative impact on trade flows as compared with an extra day spent at sea delivering a container of goods. 16 This may be due in part to more uncertainty in time delays at borders that traders are less able to predict and respond to. The estimates for the impact on trade of increases in the cost associated with completing procedures for importing and exporting a container are also higher than estimates of an incremental increase in the cost of transport (OECD, 2011).
Policy implications and conclusions

Conclusions from this analysis
This paper has analysed the importance of the quality of trade logistics for merchandise trade. Using a set of gravity models, this paper finds strong support for a number of hypotheses with important policy implications. First, higher quality trade logistics are positively, significantly and robustly associated with higher bilateral merchandise trade. Second, the impact of improved trade logistics is greater for goods that are transported by air than those via sea. This is possibly due to the fact that timesensitive merchandise requires higher quality logistics services. Third, improvements in port, and particularly air, infrastructure benefit middle-income countries more than lower income countries. This may be due to their ability to reap the gains from trade that such trade facilitating investments offer which lower income countries may be less able to do. Higher income countries also profit significantly from such investments, although somewhat less so than middle income countries, probably because they have already undertaken investments with the highest returns.
Additionally, our results suggest that time and costs associated with completing procedures for importing and exporting containerized goods impact trade even more than time and costs associated with their transport. All components of trade logistics -customs procedures, tracking and tracing, overall infrastructure and logistics competence -impact trade more significantly, by several magnitudes, than do distance or freight costs. This finding further underlines the importance of the policy-related components of trade facilitation.
Trade logistics quality impacts exports more than imports, overall. Improvements in a given country's trade logistics will improve its export situation in general: infrastructure improvements are particularly important for exporters. Improvements in the administration of borders impact both exports and imports positively but impact imports even more than exports.
Analysis of the impacts of trade logistics on a given country's trade by income category indicates that customs administration, tracking and tracing and logistics competence seem to impact trade flows by a similar magnitude regardless of countries' level of development. 17 Incremental improvements in these logistics services seem to impact trade by similar magnitudes whether the country in question is lower-income,
The estimate for the impact of time at sea on trade flows is taken from Maritime Transport
Costs and their Impacts on Trade, OECD, forthcoming. That study finds that a 10% increase in the time spent at sea implies a 7% drop in trade on average, other things being equal.
17. Results of this set of models are not shown here for reasons of brevity. Full results are available on demand.
middle-income or even higher-income. In the case of infrastructure improvements, however, middle-income countries reap the trade benefits more than lower income countries. The case of port infrastructure is particularly telling: lower income countries do not improve their trade significantly with incrementally higher quality port infrastructure. This may indicate that lower income countries cannot take full advantage of easier access afforded by better ports due to other supply constraints or internal barriers.
Implications for policy
The analysis in this paper signals a number of policy priorities for countries at different levels of development and for exporters as opposed to importers. It should be kept in mind that these are broad policy recommendations based on a large number of countries and cannot be viewed as necessarily applying to all countries in a given group. This analysis confirms much of the existing literature that suggests that improvements in trade logistics significantly augment trade overall. Given that a large magnitude of existing studies indicate that trade is good for growth, improving trade logistics can therefore be seen as growth-enhancing.
Improvements in trade logistics associated with airborne trade are especially tradeenhancing. Trade in goods that are transported by air, as opposed to over land or sea, is particularly dependent on high-quality trade logistics. Landlocked countries that rely heavily on air carriers to trade, and exporters that are specialized in goods that are transported by air (e.g. high value-added goods, highly time sensitive goods including flowers and agricultural products and some fashion items) will particularly benefit from investments in trade logistics that facilitate trade in goods transported by air.
Some of the results in this study regarding landlocked countries point to the paramount importance of regionalism in trade facilitation reforms. As in all econometric models of the type used here, results are controlled for whether or not a country is landlocked. As regards seaborne trade, a given landlocked country is strongly disadvantaged by its geography -landlocked countries are five times less likely to trade in shipped goods than countries with direct access to a port. Landlocked countries are just as likely, however, to trade in goods that are transported by air as other countries, controlling for other aspects such as national income. Since 80% of trade in value is seaborne, regional trade facilitation improvements are particularly important for some countries.
In general, improvements in trade logistics impact exports more than imports. Investments in trade logistics will enhance the potential for exporters to compete on international markets. Improvements in infrastructure are particularly trade-enhancing for exporters. Improvements in border administration however, although impacting both exports and imports positively, have an even stronger effect on imports. Countries experiencing delays or difficulties in receiving imports, therefore, should particularly examine their border procedures and regulations when undertaking trade reforms.
Investments in some of the components of trade logistics are trade-enhancing for countries at all levels of development. This is true for improvements in customs administration, tracking and tracing, and logistics competence. In the case of infrastructure, however, improvements impact trade most in middle-income countries. In the case of port infrastructure, improvements do not seem to affect trade in lower-income countries at all. This is possibly largely due to the fact that other supply-side constraintsbasic security issues, health and basic education and macro-economic fundamentals to name just a few -that would allow some lower-income countries to benefit from the gains in trade from improvements in trade logistics may not be in place. However, since lower income countries do benefit significantly from improved border procedures, tracking and tracing and greater logistics competence, these areas could be regarded as priorities for their future investments in trade logistics.
High income countries also benefit somewhat less than middle income countries from improvements in infrastructure possibly because they have already undertaken the most necessary investments. This finding may suggest that some countries are experiencing diminishing returns from further infrastructure improvements. High-income countries do not, however, show diminishing returns from improvements in border administration, tracking and tracing, and greater logistics competence.
The findings in this study highlight the importance of promoting policies to continue to move trade facilitation reforms forward. This analysis confirms that spillovers from improvements in trade logistics can be significant. By reducing the time and cost involved in administrative procedures, businesses stand to gain very significantly in terms of their ability to trade competitively in international markets. Developing and least developed countries gain particularly from these investments which will contribute to economic development through increased trade flows. UNCTAD, (2008) 
Technical Appendix Empirical methodology
The widely used gravity model in international trade has its origins in the equation for gravity. In its simplest form the model expresses bilateral trade between countries i and j as a function of economic mass and which is inversely related to the distance between them. The empirical gravity equation for trade can be expressed as follows: 
where the d and f terms are, respectively, exporter and importer fixed effects. These latter consistently estimate multilateral resistance terms that capture relative prices and which, if not accounted for, leads to a misspecified model that suffers from omitted variable bias. Distance, which is included as a proxy for transport costs, has been subsumed into the trade cost function,  t ij which additionally includes a set of observables representing other barriers to trade, and   ij is a classic random error term with the usual properties. In addition to distance, the trade cost function in (2) typically includes indicator variables to capture geographic and historic country characteristics, for example, any colonial relationship between the country pairs and whether the countries share a common official language as well as a dummy for countries sharing a common border. Including a general logistics variable, the trade cost function in (2) can be specified as follows:
The drawback to estimating (2) is that since the log of zero is undefined, by loglinearizing (1), we lose the observations for which bilateral trade is zero. A recent literature highlights the importance of accounting for zero trade flows as well as addressing the form of heteroskedasticitiy inherent in standard gravity models. SantoSilva and Tenreyro (2006) find that the Poisson pseudo maximum likelihood estimator provides consistent estimates of the gravity model parameters while simultaneously
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OECD TRADE POLICY WORKING PAPER NO. 108 © OECD 2011 correcting for the bias generated by the heteroskedasticity in the log-linearization of the gravity equation. However, the preponderance of zero trade in the matrix suggests that modelling the probability of trading as a separate process may be more appropriate. To that end, we estimate a zero-inflated Poisson pseudo maximum likelihood (ZIP) model as in Burger et al. (2009) . 18 This estimator simultaneously models the probability that trade is zero as well as the volume of trade conditional on observing trade. The advantage of this estimator lies in not requiring the exclusion restriction inherent in the Heckman sample selection estimator as well as removing the bias arising from heteroskedasticity as found in Santo-Silva and Tenreyro (2006). 19 Whether trade between a country-pair is zero is a binary outcome that can be modelled using a probit model,
where  z ij is a vector of explanatory variables which determine the probability of two countries engaging in trade and   is the standard normal cumulative distribution function. For country-pairs who do engage in trade, the probability is determined by a Poisson regression conditioning on a set of explanatory variables, 

Pr
in which
In our model specifications, the trade cost function  t ij additionally contains measures for logistics quality.
We apply the ZIP estimator to aggregate bilateral import data for 2008 from UN Comtrade. The probability of zero trade is modelled as a function of trade costs such as bilateral distance and importer and exporter fixed effects and the volume of trade, in levels and which includes zero trade flows, is modelled as discussed above in (5).
Results from estimating the gravity model in (5) are presented in Table 4 . 20 The exporter and importer income terms have dropped out due to the presence of exporter and 18. Helpman et al. (2008) model the process using a Heckman sample selection model.
19
. For a general discussion of the ZIP estimator, see Long (1997) and for an application to international trade see Burger et al. (2009) .
20. As with many economic relationships, there is always potential bias introduced due to the simultaneous determination of variables. For example, it is likely that while trade responds to improved logistics services, the reverse is also true where increased trade flows serve to stimulate investment in infrastructure and improve logistics quality. Since infrastructure and logistics services are slow to change, at any given point in time we can treat logistics quality
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Data sources
Doing business, trading across borders
The World Bank's, Doing Business survey with respect to Trading across Borders compiles information on the various procedures required to import and export oceanshipped goods. We use the 2010 survey data and apply to 2008 trade flows. The data listed under the various years of the Doing Business surveys relate to the previous year. The variables included are:
 Documents: the number of documents required to import and export a shipment of goods.
 Time: the number of days to import and export required to complete a procedure.
 Cost: includes all costs associated with completing procedures for importing or exporting a 20 foot container but does not include transport, insurance charges or tariffs or other trade taxes.
Logistics Performance Index
We use the World Bank's LPI for 2010 and apply it to the analysis of export data for 2008. It consists of an index constructed from surveys of global freight forwarders and express carriers regarding the logistics friendliness of various countries. The LPI is a composite index made up of the following seven components: 
Global Competitiveness Report
We make use of the infrastructure component of the Global Competitiveness Index data from the World Economic Forum for 2010 and apply this to 2008 trade data. Data on infrastructure quality is used that measures the quality of air, port, road and rail infrastructure and are combined to form a single index. These data are used to measure the quality of inland transport logistics (rail and road) as well as the quality of infrastructure for importing and exporting. The Global Enabling Trade Index is composed of the following four subindexes: (1) market access, (2) border administration, (3) transport and communications infrastructure, and (4) the business environment.
International trade data
International trade data are obtained from United Nations Commodity Trade Statistics Database (Comtrade) for 2008. For the United States, the data is obtained from US Census Bureau and for Chile and Brazil from Associação Latino-Americana de Integração (ALADI). Customs level data for Australia is obtained from Australian Bureau of Statistics. All data are in expressed in USD.
Gravity model variables
Gravity model variables are obtained from the following sources:
Gross Domestic Product in current USD from World Bank -World Development Indicators. All remaining gravity variables obtained from CEPII.
The set of models presented in Tables 5 and 6 are estimated using customs level aggregate bilateral imports for Australia, Brazil, Chile and the United States for 2008 for two modes of transport -air and sea. For Table 6 the sample is restricted to seaborne containerized trade and includes variables for total time to trade defined as (time for export) + (time for import) in days and total cost of trading defined as (cost to import)+(cost to export). These latter are from the World Bank's Doing business database and are described below. p<0.1, ** p<0.05, *** p<0.01. Robust standard errors (Huber/White) with clustering by country-pair are given in parentheses. All models estimated by least squares for 2008 using aggregated customs data and include importer and exporter fixed effects. Reporting countries include Australia, Brazil, Chile and the United States. A landlocked indicator was included but was dropped due to perfect collinearity. All logistics indicators apply to exporting country. Dummy variables were included for the following income levels: low income, lower middle income, upper middle income and high income but dropped due to perfect collinearity. The omitted category in the interaction terms between these dummies and the infrastructure variables is low income. Standardized coefficients are presented below coefficients where applicable and represent estimated effects of standardized independent variables on unstandardized dependent variables.
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